Results of some studies suggest that prenatal antidepressant exposure increases the risk of autism spectrum disorder (ASD) in offspring, while other studies suggest that depression independently increases the risk of having a child with ASD. Thus, confounding by indication is a concern. Objective: The aim of this study was to estimate the risk of ASD in offspring of women who were exposed to antidepressants and/or had depression during pregnancy compared to unexposed women.
Introduction
Depression is a common condition in women, with prevalence peaking during childbearing years. [1] [2] [3] Untreated depression during pregnancy may have a negative impact on the offspring, 4 ,5 including problems involving affect, cognition, and neuroendocrine and brain function. 6 Prescribing of antidepressants during pregnancy, currently estimated between 1% and 13% of pregnant women, increased steadily between 1990 and 2005 and have since remained stable. [7] [8] [9] [10] [11] [12] [13] Selective serotonin reuptake inhibitors (SSRIs) are the most commonly prescribed antidepressants during pregnancy. There are concerns regarding the impact of prenatal antidepressant use on offspring because these drugs are known to cross the placenta and serotonin is critical for fetal brain development. 14, 15 Autism spectrum disorders (ASDs) are neurodevelopmental disorders characterized by deficits in social function and communication with the presence of restricted or repetitive behavior, interests, or activities. Epidemiological studies have shown dramatic increases in the rate of ASD diagnosis, [16] [17] [18] now estimated to affect around 1% of children globally. 16 The etiology of ASD is not well understood; however, both genetic and environmental factors are thought to play an important role. It has been theorized that dysfunctional serotonin signaling is a potential causal mechanism for ASD. 15, 19 The results of epidemiological studies of maternal prenatal antidepressant medication use (primarily SSRIs) and the risk of ASD in offspring have been mixed. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Some studies found increased risks of 1.5-4.5-fold, [20] [21] [22] 26, 28 while the results of other studies suggest that depression independently increases the risk of having a child with ASD. [23] [24] [25] Thus, confounding by indication is a concern.
We conducted a cohort study using a large electronic database with mother-baby linkage to estimate the risk of ASD in offspring of women who were exposed to antidepressants and/or had depression during pregnancy compared to unexposed women. We also conducted a nested sibling case-control analysis to control for genetic risk factors, other potential confounders, and maternal predisposition to depression.
Materials and methods

Data source
This study was conducted using the CPRD, a large, population-based electronic medical database. Participating general practitioners (GPs) contributed de-identified data including medical diagnoses (recorded using Read codes), details of prescription drugs, symptoms, and specialist visits. 33, 34 Results of validation studies indicated that the data were of high accuracy and completeness. [35] [36] [37] The mother-baby linkage has been used in previous studies on maternal drug exposures and outcomes in offspring. [38] [39] [40] [41] [42] source population
The source population consisted of mothers, aged 13-44 years, and their live-born, singleton infants born between 1989 and 2011. Mothers were required to have at least 12 months of recorded history before the baby's delivery date, and the children were required to have at least 3 years of follow-up after birth. We excluded mother-baby sets where the delivery date could not be identified.
Cohort identification
The exposure period for mothers was the year before the baby's delivery date. Cohort entry was the baby's delivery date minus 365 days. From the source population, we identified three cohorts of exposed women: 1) those with depression treated with antidepressants (diagnosis and ≥1 antidepressant prescription during the exposure period), 2) those with untreated depression (recent history of treated depression but no antidepressants during the exposure period), and 3) those who were prescribed antidepressants for other indications (women in this group had no history of depression). Other indications for antidepressant use included anxiety, bipolar disorder, manic disorder, schizophrenia, migraine, neuralgia, fibromyalgia, insomnia, smoking cessation, or pain. To each exposed mother, we matched (4:1) unexposed women who had neither depression nor prescriptions for antidepressants prior to the baby's delivery date and matched on mother's year of birth (±2 years), baby's year of birth (±2 years), and general practice attended ( Figure 1 
1601
Prenatal depression, antidepressants, and asD risk days; Figure 1 ). We calculated the prescription duration as the total number of pills prescribed divided by the number of pills prescribed per day. We also evaluated antidepressant class: SSRIs, serotonin and norepinephrine reuptake inhibitors (SNRIs), tricyclic antidepressants (TCAs), other antidepressants (eg, monoamine oxidase inhibitors, tetracyclic antidepressants, and norepinephrine and dopamine reuptake inhibitors), and multiple classes.
ASD case identification
We identified all children with at least one Read diagnostic code indicating ASD recorded at any time, including codes for autism, Asperger's syndrome, and pervasive developmental disorder (PDD). Validation studies have indicated that over 90% of ASD diagnoses in the CPRD were confirmed upon record review. 43, 44 Validation results of this study have been described previously, 45 and the Read codes used to identify cases are listed in Table S1 .
nested sibling case-control analysis
We conducted a sibling case-control analysis of maternal pregnancy exposures in ASD cases compared to non-ASD siblings of the same mother. This analysis controlled for genetic, time-invariant, and unmeasured confounders (eg, socioeconomic status, mother's education, and race/ethnicity) as well as maternal predisposition to depression. From the cohort study, we identified all ASD cases who had one or more siblings. The sibling was eligible as a control if he/ she was the same sex as the ASD case, had no diagnosis of ASD at any time, and had at least 3 years of follow-up after birth and if the mother had at least 12 months of recorded history before the sibling's delivery date. 
Covariates
We assessed the presence of various covariates at the cohort entry date (cohort study) and at the child's delivery date (sibling analysis). Covariates were identified from literature review as well as by comparing characteristics between the exposed and nonexposed cohorts. We considered characteristics that changed the main effect estimate by more than 10% to be potential confounders. We evaluated the following covariates in the mothers: age, body mass index (BMI: <18.5, 18.5-24.9, 25.0-29.9, ≥30, unknown), smoking status (never, current, former, unknown), alcohol abuse, drug abuse, diabetes, hypertension, hyperlipidemia, anxiety, other psychiatric conditions (bipolar, schizophrenia), and parity. We evaluated duration of the last episode of treated depression prior to cohort entry, calculated as continuous use of any antidepressant until either cohort entry or a gap of at least 180 days between prescriptions, categorized as <12, 12-35.9, and 36+ months, or unknown duration (those who had the first depression diagnosis recorded at the start of their record and had duration of <36 months). We also evaluated the number of different antidepressants prescribed during the last episode of treated depression. Finally, we evaluated sex, birth order, and year of birth in the children.
statistical analyses
We estimated the prevalence of ASD with 95% CIs for each cohort, calculated as the number of ASD cases divided by the number of pregnancies that resulted in live-born children who survived to age 3 years. We estimated the prevalence of ASD overall and stratified by the timing of exposure during pregnancy (trimester) and antidepressant class. The RR and 95% CI of ASD in the offspring of women with treated depression and untreated depression and women who used antidepressants for other indications, compared to unexposed, were estimated using generalized estimating equations via PROC GENMOD in SAS (SAS Institute, Cary NC, USA) to adjust for the inclusion of women with more than one pregnancy. We also calculated RRs adjusted for maternal BMI, smoking status, parity, anxiety, or other psychiatric disorders. To assess effect modification, we conducted analyses stratified by parity, maternal duration of depression history, number of different types of antidepressants prescribed in the last episode of depression, and presence or absence of anxiety/other psychiatric disorders. We conducted three sensitivity analyses restricted to 1) women with at least 3 years of recorded history prior to the baby's delivery date, 2) children with at least 5 years of follow-up, and 3) ASD cases with additional Read codes that supported the presence of ASD (eg, specialist referrals and visits, treatment, or codes indicating developmental delay, speech delay, or behavioral problems) to assess the potential for case misclassification.
For the sibling analysis, we used conditional logistic regression to estimate ORs with 95% CIs, adjusted for child's birth year, child's birth order, and maternal age at delivery. All analyses were performed using SAS statistical software version 9.3 (SAS Institute Inc., Cary, NC, USA).
The protocol for this study was reviewed and approved by the Independent Scientific Advisory Committee (ISAC) for Medicines and Healthcare Products Regulatory Agency (MHRA) database research (protocol number 15_256), and the protocol was made available to the journal reviewers. This study is based in part on data from the CPRD obtained under license from the UK Medicines and Healthcare Products Regulatory Agency. These data are provided by patients and collected by the National Health Service (NHS) as part of their care and support. The interpretation and conclusions contained in this study are those of the author's alone.
Results
We identified 40,387 eligible exposed mother-baby pairs, of whom 12,994 women had untreated depression, 25,778 had treated depression, and 1,615 received antidepressants for indications other than depression (32.4% for anxiety or other psychiatric disorders, 26.0% for pain, 13.9% for migraine, 11.8% for insomnia, 11.8% for smoking cessation, and 4.1% for neuralgia or fibromyalgia). To these, we matched 154,107 unexposed mother-baby pairs. Exposed women were more likely than unexposed to be current smokers and to have anxiety/other psychiatric diagnoses at cohort entry ( Table  1 ). The mean length of recorded history in the mothers was long (>10 years) and similar for each cohort. The length of follow-up in the babies was also long (>8 years) and similar for the exposed and unexposed cohorts.
We identified 2,154 ASD cases ( Table 1 ). The majority of cases (84.8%) were male, and 50.7% were first born. The peak age at first ASD diagnosis was 3 years, and more than half were diagnosed before age 6 years (median 5.8 years). The prevalence of ASD, per 1,000 pregnancies, was 9.7 (95% CI 9.3-10.2) among children of unexposed women, 15.1 (95% CI 13.1-17. 
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Prenatal depression, antidepressants, and asD risk (Table 2) . When we evaluated the timing of antidepressant use (Table 3) , there was a small increased risk for women with depression who received antidepressants during the preconception period only (RR =1.42, 95% CI 1.14-1.76), compared to unexposed, whereas the risk was higher among children of women with depression who were treated during one or more trimesters of pregnancy (RR =1.82, 95% CI 1.60-2.06). The RR was elevated for antidepressant use in all trimesters of pregnancy. When we evaluated exposure by antidepressant class (Table 3) , the risks were elevated among those who were exposed to SSRIs only (1.68, 95% CI 1.46-1.92), TCAs only (1.95, 95% CI 1.58-2.40), and for users of multiple classes (1.78, 95% CI 1.29-2.45), compared to children of unexposed women. The RRs were null for children of women who received antidepressants for indications other than depression, regardless of the timing of use during pregnancy (Table 3 ) and antidepressant class (Table 3) .
We conducted three analyses to evaluate effect modification by the severity of depression (Table 4 ). The risk of ASD increased with longer duration of depression before cohort entry for both treated and untreated depression, although the rates were slightly higher among children of women with treated depression. We also stratified the estimates by the number of different antidepressants prescribed before cohort entry: compared to children of unexposed women, the risk of ASD was elevated among children of women who were prescribed two or more different types of antidepressants before cohort entry, regardless of having treated or untreated depression during pregnancy. Finally, among children of women with treated or untreated depression, the risk of ASD was elevated regardless of the presence of anxiety/other psychiatric disorders; however, the risks were higher among depressed women with comorbid anxiety/psychological disorder. In contrast, among children of unexposed women and women who used antidepressants for other indications, the risk of ASD was only elevated among those whose mothers had comorbid anxiety/psychological disorder.
The results were similar to the main analysis when we stratified by parity (no prior births, ≥1 prior birth) and in all three sensitivity analyses, where we restricted the population to 1) children of women who had at least 3 years of recorded history in which to assess exposure, 2) children who had at least 5 years of follow-up in which to assess the impact of follow-up time requirements, and 3) cases with other supporting evidence to assess case misclassification.
nested sibling case-control analysis
There were 601 same-sex siblings who did not have an ASD diagnosis matched to 531 ASD cases (Table S2 ). After adjusting for child's birth year, birth order, and maternal age at delivery, the risk of ASD in offspring of mothers with untreated depression was 1.18 (95% CI 0.64-2.20) and 1.53 (95% CI 0.89-2.62) for treated depression, compared to unexposed.
Discussion
The results of our study suggest that women with depression during pregnancy have an increased risk of having a child with ASD compared to unexposed women. The risk was slightly higher among women with treated depression (RR =1.70) compared to untreated depression (RR =1.49); however, the finding that the risk of ASD was not elevated in women who were prescribed antidepressants for other indications (RR =0.73) provides evidence that antidepressants are not themselves associated with the increased risk. Rather, the results of our study suggest that the slight increase in risk with antidepressant use reflects differences in the underlying severity of depression.
Numerous published studies have reported an increased risk of ASD in offspring associated with prenatal antidepressant use, although the magnitude of effects varied widely. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] In studies that accounted for potential confounding by indication, the observed increase in risk with the use of antidepressants was attenuated when results were adjusted for maternal affective disorders. 23 In three studies that conducted analyses restricted to women with a history of psychiatric disorders, antidepressant use during pregnancy was not associated with a material increase in ASD risk. 22, 26, 28 Two recent studies estimated that the risk of having a child with ASD was around 1.4 among women who used antidepressants before (but not during) pregnancy, while the risk among women exposed during pregnancy was around 1.60 to 1.75. 31, 32 These are similar to our estimates among women with untreated (1.49) and treated depression (1.70). Finally, if antidepressant use does increase the risk of ASD, the elevation should be present among women who were prescribed antidepressants for other indications; however, in our study, there was no increased risk of having an offspring with ASD among these women. Overall, the results of these studies suggest that the observed increase in risk is associated with depression, not its treatment.
The results of our various stratified analyses suggest that there are differences in risk by the severity of depression. By definition, the untreated depression cohort is likely to have less severe depression than those in the treated depression cohort; thus, the observed difference in risk may reflect differences in depression severity. In addition, the risk of ASD among women who received SSRIs only (RR =1.68), which in the UK are often prescribed as first-line treatment, was slightly lower than that of women who were prescribed TCAs only (RR =1.95), which are often prescribed as second-line therapy. 46 Finally, the risk of having a child with ASD was higher for women who were prescribed two or more differ- Too few cases to calculate a stable estimate. Abbreviations: ASD, autism spectrum disorder; BMI, body mass index; SNRI, serotonin and norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCa, tricyclic antidepressant. ent types of antidepressants before cohort entry as well as among women with anxiety or other psychiatric disorders, regardless of antidepressant exposure during pregnancy. This interpretation is supported by the results of other published studies that used specialist care records to ascertain depression status. 24, 25, 29 Finally, three studies reported higher risks with SSRI exposure in the second and third trimester of pregnancy. 25, 29, 32 In our analysis, the risk estimates were slightly higher for women with depression who were prescribed antidepressants during the third trimester or for the entire pregnancy than for women with depression who were prescribed antidepressants during first trimester only. It is possible that higher risk estimates that persist into late pregnancy reflect effects of depression severity, as women with more severe depression may not be able to discontinue antidepressant treatment during pregnancy.
Heritability is known to be a strong risk factor for ASD, 47 and genetic studies suggest that ASD and depression may share specific single-nucleotide polymorphisms; 48 thus, the increase in ASD in offspring of women with depression may reflect genetic predisposition. Sibling study designs offer a way to control for genetics as well as other unmeasured timeinvariant factors. Sørensen et al 22 reported that, among 2,765 families in which at least one child had ASD, the risk of ASD in children exposed to antidepressants for any indication during pregnancy was 1.1 (95% CI 0.5-2.3) compared to their unexposed siblings. In their sibling comparison, Sujan et al 31 reported that the risk of ASD in children exposed to antidepressants in the first trimester was 0.83 (95% CI 0.62-1.13) compared to unexposed siblings. Brown et al 32 estimated that the risk of ASD in children exposed to two or more antidepressant prescriptions was 1.60 (95% CI 0.69-3.74) compared to unexposed siblings. In our sibling analysis based on 136 discordant sibling pairs, the risk of having a child with ASD among women with untreated depression (RR =1.18, 95% CI 0.64-2.20) was similar to that of the Sørensen et al's study, whereas the magnitude of effect was slightly higher among women with treated depression (RR =1.53, 95% CI 0.89-2.62), an estimate that was similar to that of the Brown et al's study. These sibling analyses suggest that after controlling for genetics and time-invariant confounders, prenatal antidepressant use does not significantly increase the risk of ASD in offspring, although there may remain a difference in risk by the severity of depression during pregnancy.
Strengths of our population-based study include use of the CPRD, a large, validated, longitudinal primary care database known for highly accurate diagnoses, completeness of drug prescribing information, and mother-baby linkage. All information on diseases and drug exposures was recorded prospectively; therefore, there is no risk of recall bias. We evaluated the effect of all types of commonly prescribed antidepressants, not just SSRIs. We matched the cohorts on year of entry to control for confounding related to changes in prescribing of antidepressants during pregnancy and in ASD diagnostic criteria and screening practices during the study period. ASD diagnoses in the CPRD have been shown to be of high validity, [43] [44] [45] and the prevalence of ASD among unexposed women in our study was similar to that reported in other studies. 16, [49] [50] [51] [52] We found known risk factors to be independently associated with ASD (eg, child sex and parity), providing further confidence in the data quality. We relied on GP-recorded diagnoses of depression and ASD, rather than being restricted to diagnoses made in secondary or specialty care settings. Therefore, our study represents a range of depression and ASD severity, and it is unlikely that these diagnoses are underreported in these data. The mean length of recorded history in the mothers (~10 years) and follow-up in the babies (~8 years) was long and similar for each cohort; thus, we are unlikely to have misclassified exposure status in the mothers or to have missed ASD cases. We were able to control for genetics, unmeasured time-invariant factors, and maternal predisposition for depression by conducting a sibling analysis. Finally, we carefully controlled for confounding by indication by creating separate cohorts of pregnant women with treated and untreated depression and with other indications for antidepressant use. Although this last cohort of women was small (n=1,615), this was the first time this association has been evaluated in a cohort of pregnant women who used antidepressants for other indications of use.
We did not have complete information on fathers and, therefore, were unable to evaluate the effects of paternal risk factors on this association. We were unable to evaluate the effect of other indications for antidepressant use in the sibling analysis because of small numbers (n=2). Drug information in the CPRD covers written, but not dispensed prescriptions; therefore, we cannot be sure that women used all the prescribed antidepressants. Exposure misclassification may have occurred if a woman stopped using her prescription soon after she found out she was pregnant, particularly in the analysis by the timing of exposure; however, the RRs did not materially change among those with repeated prescriptions. We did not evaluate the effect of antidepressant dose in this study; this should be evaluated in future research on this association. We did not have information on socioeconomic status or race/ethnicity and, therefore, we could not explore these as covariates. However, the population of the UK is predominantly white, and we matched on general practice attended which may have controlled for socioeconomic status to some degree because people who attend the same practices tend to live in the same communities. Finally, there is concern about the potential for detection bias in all studies evaluating this association; that is, children of mothers with depression may be screened more frequently by their GPs. However, it is unlikely that differential case ascertainment by exposure occurred because the length of follow-up in children was long (~8 years) and the age at ASD diagnosis was similar for all cohorts. In addition, only 0.3% of the babies in our study were born after the publication of the first study that suggested an association between prenatal antidepressant use and ASD; thus, changes in screening practices by maternal 
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Prenatal depression, antidepressants, and asD risk exposure status are unlikely to have materially impacted our study results.
Conclusion
The results of our study suggest that, compared to unexposed women, women with depression during pregnancy have an increased risk of having a child with ASD, regardless of antidepressant use. It is reassuring that 97% of woman who used antidepressants during pregnancy in this study did not have a child with ASD. Future research directions include further investigation into severity of depression on this association, evaluation of antidepressant dose, and replication of the analysis in pregnant women who use antidepressants for other indications among a large cohort of women.
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